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OXE-3JIEKTPOHHAA CNEKTPOCKOMMKA

C. C. EJIOBUKOB
Mockosckuii eocydapcmeennniit yrusepcumem um. M.B. Jlomonocosa

AUGER ELECTRON SPECTROSCOPY
S. S. ELOVIKOV

Auger electron spectroscopy is one of the most
widely used modern techniques of the surface
analysis of solids. The underlying physical prin-
ciples of the technique are presented in a clear
form, along with possible application areas and
future trends.

B cmamebe daHbl npedcmasneHus 06 00HoU u3
CaMbIX pacnpocmpaHeHHsIx MemoouK uccie-
008aHUA NoOBEPXHOCMU mBepObix men — Oxe-
3/1eKmpOHHOU cnekmpockonuu. B docmynHol
(hopme U310XeHbl (hu3uyecKue 0CHoBbI Memo-
0a, NOKA3aHbI BO3MOXHbIE 061aCMU NpUMeHe-
HUS U nepcnekmussl pazsumus.
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BBEAEHUE

Jlns uccnenoBaHus TBEPIBIX TEJT UCTIONb3YETCS MHOXECTBO
Pa3IUYHBIX METOJOB, MO3BOJISIOIIMX TOJIYyYaTh UCYEPIIbI-
BaoOIIy10 NMHGOPMALIUIO O XUMUYECKOM COCTaBe, KpUCTaNI-
JINYECKOW CTPYKTYpE, paciipeie]IeHUM ITpUMeceil U MHOTHX
NIPYTUX CBOMCTBAX, MPEICTABSIOUIMX KaK YUCTO HAYYHBIH,
TakK M IpakTU4YecKuii nHTepec. B HacTositiee BpeMst ocoboe
3HaYEHUE MPUIAETCS METOIaM aHaIM3a MTOBEPXHOCTH (TIO,
TMOBEPXHOCTBIO MOJpa3yMeBaeTcsl rpaHulLa pasnaena das,
cM. [1]). Korma roBopsIT 0 MOBEPXHOCTU TBEPAOTO Tea, TO
yaile BCEro MMeeTcsl B BULy TpaHMIIa pa3ielia MeXIy ra3o-
obpa3Hoii u TBepaoi ¢azamu. CTojib NPUCTATbHOE BHU-
MaHHe K MOBEPXHOCTU CBS3aHO C €€ YHUKAJIbHBIMU CBOM-
CTBaMU, KOTOPbIE, C OHOW CTOPOHBI, B CJIbHOU CTENEHU
BJIUSIIOT HAa XapaKTEPUCTUKU CaMOro TBEPAOTo Teja, a C
NIPYroil — MOTYT ObITh UCIIOJIb30BaHBI JI1 CO3AaHUS MTPU-
0OpOB U YCTPOICTB HOBOTO MOKOJIEHUSI.

B nopapisitonieM OOJBLIMHCTBE METOIOB aHaJIM3a Mo-
BEPXHOCTHU MCITOJIb3YIOTCS Pa3IndyHOIO poa IBJIEHMS, IPO-
HMCXOSIINE TIPYU BO3IECMCTBUM Ha Hee KOPITYCKYJISIPHBIX Yya-
CTUIIL U 3JIEKTPOMarHUTHBIX U3aydyeHuid. Ecim Takoro pona
BO3JEUCTBUS MPUBOMAAT, HAIPUMEDP, K UCITYCKAHUIO DJIEK-
TPOHOB, a UH(POPMALINIO O CBOMCTBAX ITOBEPXHOCTHU TOJIY-
YaoT MPU aHaJIKU3€e DJEKTPOHHBIX CIEKTPOB, TO TOBOPSIT O
METOJaX JIEKTPOHHOM CITEKTPOCKONUU. B otimmume ot npy-
TUX YaCTHUII 3JICKTPOHBI He M3MEHSIOT COCTaBa OCTaTOYHOM
aTMoc(epbl CBEPXBHICOKOBAKYYMHBIX KaMep, B KOTOPBIX
MPOBOJSITCS UCCEA0BAHMS, JIETKO PETUCTPUPYIOTCS U MO -
marotcsa cuety. IlocmenHee 00CTOSITEILCTBO TTO3BOJISIET JIO-
CTaTOYHO IIPOCTO IIPOBOIUTH KOJMYECTBEHHBIN aHaIu3
TMOBEPXHOCTH, TO €CTh MOJIy4yaTh, HampuMep, JaHHBIE O
KOHLICHTPALMSIX aTOMOB Pa3IUYHBIX 3JIEMEHTOB.

Cpenu Bcex 3JIEKTPOHHO-CIEKTPOCKOTTMYECKUX METO-
UK 0co00€ MECTO 3aHMMAET OXe-3JIEKTPOHHAS CIEeKTPO-
ckornus (OBC), KoTopasi, Moxkanyi, IBaseTcsl caMoii pac-
IMIPOCTPAHEHHON METOJIUKOWN.
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OUBNYECKHNE OCHOBbBI
OXKE-DJIEKTPOHHOI CITEKTPOCKOITNI

Dddekr Oxe

BDddekt, Ha KoTopoM ocHoBaHa ODC, ObIT OTKPHIT B
1925 rony dpanity3ckum pusukom [Teepom Oxe (P. Auger)
(oTctoma 1 HazBaHUe MeTona). CyTh €ro COCTOUT B ClIEAy-
OILIEM.

Ha puc. 1 mokazaH (pparMeHT 2JIEKTPOHHOI CTPYKTYPEI
aToMa, B COCTaB KOTOPOTO BXOJIST TPU JIEKTPOHHBIX YPOB-
H$I, YACTUYHO WJIM TIOJTHOCTBIO 3aHSThIE 3JIEKTPOHAMM (Ha
puc. 1 oHn obo3HaueHsl Kak K, L,, L,). Ecnu atom o6cTpe-
JIUBAETCS YCKOPEHHBIMU 3JIEKTPOHAMM €, SHEPIUsl KOTO-
PBIX BbIlIE TIOTEHIIMATa MOHMU3ALIMU YPOBHS K, TO CyIlecT-
BYET BEpOSITHOCTb MOHU3ALIMM 3TOTO YPOBHSI, B pe3yjbTare
Yero Ha HeM oOpa3syeTcsl BakaHCHs (0003HaUYeHa CBETIbIM
Kpy*XKoM). Takoe coCTOsIHMe 3HEepPreTUYecK HEBBITOTHO
IIJISI aTOMa, TIO3TOMY UYepe3 HEKOTOpOe BpeMs BAKaHCHUSI 3a-
TIOJTHSIETCSI 32 CUET TIepexo/ia 3JIeKTPOHA C BhIIIeIeXaIlero
ypoBHs L, (mepexon ob6o3HaueH ctpenkoii /). [Ipu atom
BBIICJISICTCSl DHEPTUSI, paBHAsI Pa3HOCTU SHEPTUN CBSI3U
5JIeKTpoHa Ha ypoBHsX K u L,. B manbHelimem npolecc
MOXET UITH IBYMsI IyTSIMU: TMOO OyIeT UCTTYIIeH PEeHTTe-
HOBCKMI1 (pOTOH, MO0 3Ta dHEPrus 0e3bI3TydaTeTbHBIM
cnocoboM OyneT IepeaaHa IPyromMy 3JeKTPOHY, HaxOms-
LieMycs, HalipuMep, Ha ypoBHe L,. Eciu 3101 sHeprum 6y-
JIeT JOCTaTOYHO, TO MPOU30iieT MOHU3ALMs YPOBHS L,, B
pe3yibTare yero OymeT MCIYIIEH 3JeKTPOH (cTpesika 2 Ha
puc. 1). Peanuzanusi BTopoit BOBMOXHOCTH U €CTb COOCT-
BEHHO OXe-TIPOIIECC, a IMUTHUPYEMBbII 3JIEKTPOH Ha3bIBa-
0T 03Ke-3JIEKTPOHOM.

Oka3sbIBaeTcsl, YTO, U3MEPUB SHEPTUIO TAKOTO BJIEK-
TpOHa, MOXHO OMPEIe/INTh, KakoMy 3iemeHTy [leproanye-
cKkoit Tabnuibl MeHeneeBa COOTBETCTBYIOT OOCTpeiMBae-
MbI€ 3JIECKTPOHHBIM ITyYKOM aTOMBbI. Takasi BO3MOXHOCTb
OOBSICHSIETCSI TEM, UTO SHEPTUS 0XKe-3JIEKTPOHOB He 3aBH-
CHUT OT 93HEPTUN 60MOAPIUPYIONINX 3JIEKTPOHOB, a OTIpeIe-
JISIETCS TOJIBKO 3JIEKTPOHHOI CTPYKTYPOI aTOMOB, KOTOpast
XOPOIIIO U3BECTHA.
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Puc. 1. Cxematmieckoe nsobpaxeHue oxe-npoLecca
B aToMe

Ecnu 0003HaYuTh OXe-Ipolecc OOBIYHBIM 00pa3oM
yepe3 IOC/IeA0BaTebHOCTh YPOBHEH, MPUHUMAIOIIMX B
HeM yvactue, KL, L,, To B IEpBOM NPUOJIMKEHUNA SHEPTUS
oxe-371eKTpoHOB E(KL,L,) onpenensiercs (popmyoii

E(KL,L,) = E(K) - E(L)) — E(L,), (D

rae E(K), E(L,) n E(L,) — sHepruu cBA3M 3JIEKTPOHOB Ha
ypoBHAX K, L, L,.

IIpu Gosee cTporoM MoaXoae ISl SHEPTUU OXKe-3JIeK-
TPOHOB BBOSIT IOMNpaBKy AF, CBSI3aHHYIO C TeM, 4TO ITOCjIe
oxe-Tipoliecca B aToMe 00pasytoTcs aBe nbipku. CyiecT-
BYIOT pa3jinuHbIe criocoObl onpeaeneHus AE. CambiM npo-
CTBIM SIBJIIETCSl CTIIOCOO, TPU KOTOPOM HaJIMUME JbIPOK
YUMUTBIBACTCS TPUBJICUEHUEM JAaHHBIX JIJISI COCETHETO 3JIe-
MEHTa ¢ 0oJiee BBICOKUM aTOMHBIM HOMepoM. Torma B 00-
1eM ciIydJae JJ1s1 J100oro oxe-Tipouecca ABC, mpoucxonsi-
1LIETO B aTOME C TIOPSIIKOBBIM HOMEPOM Z, MOXXHO 3aIucaTh

EXABC) = E(A)? - E(B)? - E(C)**", (2)

roe yepe3 A, B u C mo-tmipexxHeMy 00O3HA4YeHBLI YPOBHH,
Y4YacTBYIOIIME B IIpoliecce.

B TBepabIX TEMaxX HATMIKME NBYX ABIPOK MPUBOIMT K TTe-
pepacnpeneneHnIo 3apsiIoB U BO3HUKAIONIAS PU 3TOM T10-
JiIpU3alysl YBeJWYMBAET DHEPTUI0 IMUTUPYEMBIX 3JIEK-
TPOHOB IO CPaBHEHUIO CO CBOOOAHBIMM aTOMaMu. DTOT
CIBUT B HEKOTOPBIX CIydasix MoxeT pocturatb 10—20 3B.

InyOouna BbIXOoda 03Ke-3J1€KTPOHOB

ImaBaBIM npenmyectBoM ODC 110 cpaBHEHUIO ¢ MHOTHM -
MM JIPYTUMU METOJaMU SIBJISIETCSI OYeHb Majasl TyOMHa
aHain3a, 9To JIeJIaeT 3Ty METOIUKY TTPUTOTHOM ISl UCClie-
TIOBaHUS ITOBEPXHOCTU. B cBOIO ouepeh, ryOrHa aHaIu3a
onpenensieTcs JJIMHOW CBOOOIHOTO Mpobera 3J1eKTPOHOB B
TBEPIOM TeJIe B CMBIC/IE HEYIPYIuX B3aumopaeicTBuid. [1o-
HSTHO, TIoYeMy 3TO Tak. Eciiv 3apoauBIINiiCS B TBEPIOM
Tesie 0XKe-2JeKTPOH MPY ABUKEHUM K TIOBEPXHOCTU UCTTbI-
TaeT XOTb OJHO HEYIPYroe B3auMMOJeHCTBUE (HampuUMep,
COBEPIIUT MOHU3ALIMIO aTOMa), TO OH MOTePsIeT YacTh IHEP-
TMU ¥ He OyIeT 3aperMCTpUpOBaH B MHTEPECYIOIIEM Hac
MECTe SHEPreTU4YeCKOro CreKTpa BTOPUYHbBIX 3JIEKTPOHOB,
KOTOpBIi (hopMUpyeTcsl pu 60MOapAMPOBKE TBEPIOTO Te-
J1a YCKOPEHHBIMU 3JIEKTpOoHaMU. To eCTh 03Ke-3JIeKTPOHBHI,
pOXIEeHHBIE Ha NTyOrMHE GOJIbIIEH, YeM JIJTMHA CBOOOTHOTO
npobera, He OyayT HeCTH MHMOPMALIMIO O HAXOXICHUM
aTOMOB JaHHOTo coprta. JmmHa cBOOOmHOTrO TIpobera B
CUJILHOM CTETEeHU 3aBUCUT OT CKOPOCTH IBMKEHUSI, a Cle-
OBATEIbHO, U OT SHEPIUU JIEKTPOHOB. OOBIYHO UCCIIEAY-
J0TCSI OKe-2JIEKTPOHBI C SHEPTUSIMU OT HECKOJbKUX JAECSIT-
KOB 3JIEKTPOHBOJIBT 10 HECKOJBKUX KUJIO3JIEKTPOHBOJILT.
Bo Bcex MaTepuanax jiMHa cBOOOAHOro npobera (a ciaeno-
BaTeJbHO, U [NyOMHA aHaM3a) TaKKX 3JIEKTPOHOB He Tpe-
BbIIIaeT 2—3 HM, TO €CTbh BEJIMUMHBI, COTTOCTABUMOI C TIe-
pYOIOM KPHCTAJUIMYECKOW pelieTku TBepaoro Tena. [pu
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STOM JIbBUHAS J0JsT MHMOPMALUU MTOCTYIAET C TIyOUHBI
0,5—1,0 aM, uto u aenaet ODC yHUKaTbHBIM METOIOM UC-
cJIeIOBaHUsI TOBEPXHOCTH.

PEAJIN3BAIINUA METOJA

Perncrpanusa oxe-3/1eKTPOHOB

Ecnu oxe-abdext 661 OTKPHIT B 1925 roay, To nepsbie
MpUOOPHI, B KOTOPBLIX OH OBbLT MCHOJb30BaH ISl UCCIEN0-
BaHMSI TOBEPXHOCTH, TTOSIBUJIMCH JIUIIb B 60-X rogax XX Be-
Ka. J1J1s1 Toro 4ToObI OOBSICHUTH TAKYI0 OOJIBIIIYIO 3a1EPXKKY
BO BPeMEHU, HaM TIPUIETCS Y3HATh, YTO TIPEIACTABIISET CO-
00if CTIEKTP BTOPUIHBIX 3JIEKTPOHOB, 00pa3yIOIIUXCs TIPU
6oMOapIMPOBKE TBEPIOTO TeJIa YCKOPSHHBIMM 3JIEKTPOHA-
Mu. OKa3bIBaeTCsI, YTO B 001aCTU SIHEPTUA, B KOTOPOI HAX0-
JIATCST OXKe-3JIeKTPOHBI, CYIIECTBYET OOJIBIIIOE KOJNIECTBO
HEYIPYTropaccessHHbIX TEPBUYHBIX 3JIEKTPOHOB, KOTOPbIE
00pa3yloT CIUIOIIHOM CHEKTp, SBJSIOMIMICS (OHOM, Ha
KOTOPOM TMIPUXOJUTCS BBIIEISITH OXe-3JIeKTPpOHbI. TOK He-
YIPYropaccesiHHbIX 3JIEKTPOHOB Ha HECKOJIBKO TOPSIIKOB
MPEeBbIIIAeT TOK OXE-3JIGKTPOHOB, IMO3TOMY BO3HHUKAeT
00bIYHAs TpyAHOPEIIaeMasi 3aJ1a4a BbIIEICHUS MOJE3HOTO
CUTHaJIa Ha ypoBHE 0oJbloro oHa. DTa 3a1aua BrepBble
6bl1a penreHa B 1962 romy JI.A. Xappucom, Tociie 4ero Ha-
qaJicst ieproj OypHOTO Pa3BUTHS OKe-3JIEKTPOHHOM CIeK-
TPOCKOTTNH.
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Puc. 2. Y4acTok 9aHEpPreTnyeckoro cnekTpa BTOPUYHbIX
3NEKTPOHOB: a — Ao anddeperHumposaHusi, N(E), 6 -

nocne gnddepeHumpoBaHus, %—;(E)

YToOBI MOHATH, KaK OblLIa pellleHa 3Ta 3amada, odopa-
TUMCS K pUC. 2, @, HA KOTOPOM M300paXkeH y4yacTOK HEep-
reTu4Yeckoro crekrpa (N — 4uciio 2JIeKTpOHOB, F — ux
SHEPTUs) BTOPUYHBIX 3JIEKTPOHOB, B KOTOPHII MOMAa0T U
OX€-2JIEKTPOHEI C SHEPTUEi £ .

Kak BumgHO u3 puc. 2, a, oxXe-3JeKTPOHBI 00pa3yioT
OJIHOTIOJISIPHBIN MUK OYEHb MaJIO MHTEHCUBHOCTU, KOTO-
PBIif HaKJIaABIBaeTCs Ha OOJIBIIOI (POHOBOM TOK HEYITPYTO-
pPACCEeSTHHBIX 3JICKTPOHOB, IMPU 3TOM TOCISTHUIA OTHOCH-
TEJBHO CJ1ab0 3aBUCUT OT IHEPTUU. XappucC TMPeTOXKIIT
npoauddepeHupoBarh crieKTp N(E), TO eCTb IpeBpaTUTh
ero B dN/dFE, B pe3yabTare 4ero (hoH MpakTHIeCKH ucue3a-
€T, a Ha MecTe ¢J1aboro oxe-CHUrHajaa KoJoKoJ1000pa3Hoi
(opMbI MOsABISIETCS] UHTEHCUBHBIN IBYXIOISIPHBIN MUK C
aMIuuTynou A (puc. 2, 6), KOTOPHIi JIETKO MOXKET OBITh 3a-
peructpupoBaH. [1pu 3Tom nuddepeHLMpoBaHUE OCYIlIe-
CTBJISIETCS DJIEKTPUYECKUMU METOIaMU HETTOCPEICTBEHHO
B Ipoliecce 3alKCU CIeKTpa.

ITosyyeHne 3HEPreTHYECKOro CHEKTPa

g obHapyxeHusl oXe-3J1eKTPOHOB HEOOXOAMMO YMEThb
BBIIEISITh 3JIEKTPOHBI, HAXOASIIMECS B OYEHb Y3KOM WH-
TepBaJie 3HePTUil. [I1s 9THX 11e/Ieit UCTIONB3YIOT CTIe LAl b-
HbIE YCTPOiicTBa, Ha3bIBacMble dHEproaHanan3atopamu. B
03Xe-CIMEKTPOCKONMUHU Yallle BCETO KCIIOIb3YIOT 3JEKTPO-
CTaTMYECKUE aHAJIM3aTOPhl, 1 B YACTHOCTH aHAIN3ATOPbI
THNA “LHWIMHApUYecKoe 3epkano”. Ha puc. 3 npuseaeHo
cXeMaTH4YecKoe M300pakeHNe TaKoro aHajau3aTopa, 103-
BOJISIIOLLIEE TTOHSITh TPUHLMIT €r0 AeHCTBUS.

OIHOBPEMEHHO C 3TUM IOoKa3aH obpaser /, Gombap-
JUPYEMBIil YCKOPEHHBIMU 3JIEKTPOHAMU, KOTOPBI B TaH-
HOM CJyyae SBJISIeTCS MCTOYHUKOM BTOPUYHBIX 3JIEKTPO-
HOB, B TOM YUCJIE U OKe-3JIEKTPOHOB.

OCHOBHBIMM 3JIEMEHTaAMU aHaJIU3aTopa CIyXaT aBa
MeTaJJTNIeCKMX KOAKCHATbHBIX MIMHAPA 21 3 ¢ panuyca-
MU 7, ¥ r,. BHyTpeHHMIT TMIMHIP OOBIYHO 3a3eMIISIIOT, a Ha

-U

Puc. 3. CxemaTuyeckoe naobpaxeHune aHeproaHanm-
3aTopa Tuna “uunuHapuyeckoe 3epkano”: 1 — obpaael,
2 — BHYTPEHHUI LUAnHAP, 3 — BHELWHWIA umnnuap, 4 —
OKHa 019 BX04a U BbIXOAA 3NEKTPOHOB, 5 — KONNEKTOP,
6 — MarHUTHbIN 3KpaH
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BHEILHUI MOAaeTCsl OTPULIATENbHBIN (OTHOCUTEIBLHO 3eM-
JIW) TIOTEHLIMAJI, KOTOPbIii MOXET ObITb U3MEHEH B OCTa-
TOYHO LIMPOKUX Mpeaeaax. Takum o6pa3omM, MeXIy LATUH-
npamMu (opMUpyeTcsl aHaIM3upylollee roje. BropuuHbie
3JIEKTPOHBI Yepe3 crelralbHble BXOIHbIE OKHA BO BHYT-
pPEHHEM LUJIMHIPE TTOIAaaaloT B 3TO MOJIe U IIPU CBOEM JIBU-
>KEHUN OTKJIOHSIIOTCS K ocu umiauHapa. [Ipy HekoTopom
3HaYeHUU NoTeHuMana U Ha BHEIIHEM LWJIMHAPE TOJbKO
3JICKTPOHBI ¢ SHepTUel F MPOXOIAT B BBIXOMHBIE OKHA BO
BHYTPEHHEM LIWJIMHAPE ¥ TTOTanaoT Ha KojutekTop. M3me-
HeHue ToTeHInana UTipuBeneT K TOMY, 4TO Ha KOJUIEKTOpe
OyIoyT cOOMpaThCsl DJIEKTPOHBI C IPYTYMM 3HAaYEHUEM DHep-
ruu. Eciiv ocyiiecTBUTh MeJIEHHYIO pa3BepTKY HaIpsike-
HMSI MEXIY UIMJIMHAPAMU, TO OYIeT 3ar1caH HelpepbIBHbII
CIEKTP BTOPUYHBIX 3JIEKTPOHOB. DTO CUJILHO YIPOILEHHOE
onucaHue MpUHLUMIIA pabOThl aHaau3aTopa. Ha camowm ne-
Jie JBUXXKEHUE BJIEKTPOHOB IPOUCXOAMUT IO JTOCTATOYHO
CJIOXKHBIM TPA€KTOPUSIM, & PETUCTPUPYIOTCS DJIEKTPOHBI HE
¢ ukcupoBaHHO# dHeprueit (maxe npu U = const), a B
HEKOTOPOM MHTEpBajie SHEPTUii, KOTOPBIN OmpenessieTcs
KOHCTPYKIIMEW aHaIM3aTopa, KaueCTBOM €ro U3TOTOBJIEC-
HUS U APYTMMU (akTopaMu. DTOT MHTEPBAJ OTpeaessaeT
SHepreTuyeckoe paspelieHre aHaaIM3aTopa, TO eCTh MUHHU-
MaJbHOE PACCTOSTHME MEXIY ABYMSI OJIM3KO JieXKalluMu
MMMKaMHU B CTIEKTPE, KOTOPHIE €111e MOTYT ObITh Pa3IMUMMBbI.

Ha toyHOCTh M3MeEpeHUil SHEepruil BIUSIOT BHEIIHUE
MarHuTHBIE TIOJIS (B TOM YMCJIe U MATHUTHOE TToJIe 3eMJIn).
DTO0 CBSI3aHO C TEM, UTO JIETKHE SJIEKTPOHBI CUITLHO OTKJIO-
HSIIOTCS JaXe B CJIa0bIX MATHUTHBIX TOJISIX. JIJTsT 321U TBI OT
HMX UCTIOJIb3YeTCS CTIelIMalbHbIM MATHUTHBIN 3KpaH 6 (CM.
puc. 3).

KOJIMYECTBEHHAA OXKE-CIIEKTPOCKOIIHA

OcHoBHOI 3agayeil koamyecTBeHHO ODC gBisieTcsd OI-
penesieHrue KOHILIEHTpAllMii aTOMOB, BXOISIIMX B COCTaB
MHOTOKOMITOHEHTHBIX 06pa3uoB. [TOHSATHO, YTO WHTEH-
CHUBHOCTB OKe-CUTHAJIOB (TOK 3JIEKTPOHOB, TTOSIBJISTIOIIAX -
¢ B pe3yJibrate oxe-Ipolecca ABC B aToMax KaKOro-1m16o
copTa) U KOHLIEHTpaIl1sl aTOMOB B3aMMOCBsI3aHbI. J1J1sT TO-
IO YTOOBI YCTAHOBUTD 3TY CBSI3b, KOPOTKO pACCMOTPUM OC-
HOBHBIE (DaKTOPHI, BAUSIONINE Ha BEJIMYMHY 3TOTO TOKA.

Ceuyenne HOHM3AIMH

ITepBBIM 1 HEOOXOTUMBIM 3TAIIOM JIFOOOTO OXe-Tpoliecca
SIBJISIETCS MOHM3allMsl BHYTPEHHETO YPOBHSI TEPBUYHBIM
2JIEKTpOHOM. B KauecTBe XxapakTepuCcTUKU 3(pdheKTUBHOC-
TH VMOHU3ALIMU UCTOJb3YIOT BEIUYMHY CeYeHUs MOHU3a-
LIMM O, KOTOPasl 3aBUCUT KaK OT TIyOMHbBI 3ajIeTaHuUsT YPOB-
HSl, TaK U OT DHEPruu MepBUYHOro 3j1ekTpoHa. CeueHue
MOHU3AIUM €CTh HE UTO MHOE, KaK BEPOSITHOCTh MOHU3a-
LIUM B pacyeTe Ha OJIMH aToM. 3aBUCUMOCTb O OT SHEPTUU
UMEET JOCTATOYHO CJIOXHBIN XapakTep, U YHUBEPCAIbHOI

GopMYJIBI 17151 €T0 OIpeaeIeHs He CyIlecTByeT. Yaille Bcero
MOJIb3YIOTCSI TTOJYAMITUPUYECKUMU (hOopMysiaMu, KOTOpbIe
XOPOUIO COMIACYIOTCSI ¢ DKCIEPUMEHTATbHBIMU JAHHBIMU.
CoracHO 3TUM BBIPaKEHMSIM CYILIECTBYET SHEPreTUIECKUIA
TOPOT, COBMAAAIONINI ¢ SHepruei cBsi3u 3y1eKTpoHa E(A)
Ha ypoBHe A. [Ipu sHepruu nepBUYHOIO EKTPOHA F,,
paBHO# (3—4)E(A), XxapakTepeH MaKCUMyM, TOcJie KOTO-
poro HaOJogaeTcss MemjieHHbI cran. M3 Takoro ympo-
IIEHHOTO O CAHMS YK€ MOXHO CIIENIaTh BBIBOI O TOM, YTO
MaKCHMAaJTbHOE YHUCJIO OKe-3JIEKTPOHOB, a CIeI0BATEIbHO,
1 MaKCHMaJIbHast YyBCTBUTEIBHOCTb METO/IA PEATU3YETCS B
ciyvae, Kkoraa E, = (3—4) OE(A).

BeposiTHOCTb 03Ke-mponecca

Criepyoluii 3Tar — caM OXe-TpoLIecC, XapaKTepu3yeMblii
BEPOSITHOCTBIO Y, OT KOTOPOI TakKe 3aBUCHUT KOJUYECTBO
00pa3yoImMXCcs OKe-3JIEKTPOHOB. BcmoMHMM, 9TO KOHKY-
PUPYIOIIUM TTPOLIECCOM TTOCIIe MOHU3ALN YPOBHS SIBISIETCS
u3nyyeHre Gorona (dbayopecueHuus). Oka3biBaeTcs, YTO
TOpa3mo MpOIIe ONMPEACTUTD BBIXO (IyOPECIICHITNH (), YeM
BesmuuHy Y. [ToaTOMy [Tl ONMCaHUS BEPOSTHOCTU OXKe-
npoliecca Moab3yloTcs BeanunHoil 1 — w Hamo 3ameTuTs,
YTO J1J151 OOJIBLIMHCTBA OXKe-TIIEPEXOI0B () OJIM30K K HYJIIO.

[1yOuHa BBIX0/IA 03Ke-3JIEKTPOHOB

KonnyecTBo 0Xe-3JIeKTPOHOB 3aBUCUT TaKXe OT TOro, C
Kakoi TiyOuHBI OHU BbIXomaT. OOpa3oBaBIIMIiCS Ha Ka-
KOI-TO IITyOWHE 0Xe-3JIeKTPOH TMPU JBUKEHUHU K TTOBEPX-
HOCTHM MOXKET UCTBITaTh HEYTIPYTroe CTOJKHOBEHWE U MOoTe-
pATH YacTh CBOEIl Hepruu. Takue 3JeKTPOHBI BbINAAAIOT
U3 PacCMOTPEHUS, MO3TOMY YacTo 3a MIyOMHY BbIXOAA
0Xe-3JIEKTPOHA MTPUHUMAIOT CPETHION JUIMHY Mpodera Jist
HEYIIPYIUX CTOJIKHOBeHUIA A, 3aBucsiyio ot E(ABC). Tny-
OMHAa BBIXOJa, IMOXAaJIyil, HAMMEeHee N3yYeHHBII ITapaMeTp,
HUCTOJIb3yEeMblii B KOJINYECTBEHHOM OXe-aHaJIU3e.

Koaddunuent odparHoro paccesiHusi

MoHu3aiyst aToMOB B 30HE BBIXOJA OXKE-3JIEKTPOHOB MO-
JKET OCYIIECTBIISITbCS HE TOJIBKO 3JIEKTPOHAMU TTEPBUYHO-
TO My4YKa, HO U YacCTbl0 00pPaTHOPACCESIHHBIX 3JIEKTPOHOB,
HMMEIOIINX TOCTATOYHO OOJIBIITYIO SHEPTUI0. DTO IPUBOIUT
K YBEJIMYEHUIO BBIXOIA OXKe-3JIeKTPOHOB, YTO MOXET OBITh
YUYTEHO BBeIeHUEM K03 OUIIMEeHTa 00paTHOTO pacCesTHUS
R, xoTOpBIIT OTpenensieTcsl Kak TeOpeTUIEeCKU, TaK U 9KC-
nepuMeHTanbHO. OIHAKO 1T MHOTOKOMITOHEHTHBIX 00b-
€KTOB 3TO JIaJIeKO He BCeraa MPOoCTOo CAesaTh.

OcHOBHOE ypaBHEeHHE O3Ke-CIEeKTPOCKONUU

O06cynuB pa3nuHbie (DAKTOPHI, BIUSIONINE HA BHIXOJ OXKe-
3JIEKTPOHOB, MOXHO 3aIicaTh BhIpaXKeHWE, CBSI3bIBAIOIIEE
TOK [, 0Xe-3JIEKTPOHOB, dMUTHUPYEMBIX TBEPIbIM TEJIOM

i
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101 YIJIOM O K ero MOBepXHOCTH, U KOHLIEHTPALIUIO aTOMOB
B TBepioM Tesie N, (i — MHIEKC 3JIEMEHTa).

I,= const 7, G, OV, (o, ({1 — w) OR, [N, secB,  (3)

rae G, — BeIn4yuHa, yuuTbiBaonas 3gpdeKTUBHOCTb coopa
5JIEKTPOHOB, 3aBUCSINAs OT TUIA aHAIM3aToOPa.

DTa dopmyna naeT MOJHBINA OXe-TOK IJIsSI BCEX BO3-
MOXHBIX 0Xe-TIepeX0/I0B, BO3HUKAIONIMX TTPU MOHU3ALINU
ypoBHs FE,. Ecin usMepserca KOHKPETHBIH OXe-IHK, B
dopmyny (3) Heo6X0AUMO J10O0ABUTH MHOXUTEIb, YUUThI-
BaIOIIUI OTHOCUTEIBHYIO BEPOSITHOCTh OXe-Tepexo/a.

Ha camoM nesnie mpu pacuete KOHLIEHTpAlMU aTOMOB
(opmynoii (3) moab3yIOTC AOCTATOYHO PENKO. DTO CBA3a-
HO C Te€M, 4TO, KaK yXe YKa3blBaJloCh, BEIUYMHBI A 1 R
CHUJTLHO 3aBUCSIT OT MATPUIILI, B KOTOPOI HAXOASITCS aTOMBI
¢ HEM3BeCTHOM KOHIIeHTpalreli. Ha mpakTuke yarie Bcero
TIPYMEHSIIOT METOJI C MCTIOJIb30BaHMEM 3TAJIOHOB U METOI,
VUUTBIBAIOIINI (PaKTOPHI 2JIEMEHTHOI YyBCTBUTEIBHOCTH.

Merton 3Ta710HOB

[ng peanuzauvu MeTola 3TAJIOHOB HEOOXOIUM KOH-
TPOJIbHBIN 00pa3el] ¢ UIEHTUYHONH MaTpULIE U U3BECTHOM
KOHIEHTpallMell aToMOB UccienyeMoro aiaemMeHTa. Torma
TPYIHOOMPENEeIUMbIE BETUIMHBI A M R TIPpUOIU3UTETHHO
oauHaKoBbI. [Ipy 3TOM yCoBUSI 3KCIepUMeHTa B 000UX
CITyJasix JOJIKHBI OBITh CTPOTO OMHAKOBBIMU, TO €CTh He-
00X0MMO TIOCTOSIHCTBO /,, G, 11 6. Eciiu 17151 o603HavYeHns
9TaJIOHA BBECTU MHIEKC “3” U IJ1 00pa3ia ¢ HEU3BECTHOM
KOHIIEHTpalLell aTOMOB MHAEKC “X”, TO, IPUMEHSISI ypaB-
HeHue (3) W1 UccaeayeMoro o0beKTa U 3TajlloHa U JIesis

OIJHO BbIpaXXC€HME Ha APYyroe, rnojay4yum
— Nia 0 ix

Ii3

Nix 4

OcHoBHOII MpoOJeMoil (Iopoii Hepa3pelnuMoii) B
5TOM METOJIE SIBJISIETCS] M3TOTOBJIEHUE STAJIOHHBIX 00pa3-
110B, TTO3TOMY Ha MPaKTUKE Yallle UCTIONb3YIOT BTOPOH U3
YIOMSITHYTBIX BbIILIE METOIOB.

Merton, yuutbiBawommii GakTopbl
3JIeMEHTHOI YyBCTBUTEJILHOCTH

Cpasy 3aMeTUM, YTO B METOJE HE YUMTHIBAETCH TOT (DAKT,
YTO aTOMBI 3JIEMEHTA, KOHLIEHTPALINIO KOTOPBIX MBI XOTUM
OIIpENEe/INTh, BHEAPEHBI B HEKOTOPYIO MaTpHILy, KOTOpasi,
Kak BbI YK€ 3HaeTe, B CUJIbHOM CTEIIEHH BIUSET Ha A 1 R.
ITo 3Toi MpUYMHE OH, CTPOIO rOBOPSI, HE SIBJISIETCS KOJIH-
YeCTBEHHBIM (O1IMOKa MoxeT mocturath 30%) u ciaykuT
JIIIb 17151 OLICHOYHBIX PACYETOB.

Hnes merona upe3BblYaiiHO MpocTa. ATOMHAasi KOH-
LIEHTPAaLIXsI KAKOTO-TM00 copTa aToMOB /N, B MHOTOKOMTIIO-
HEHTHOM 00pasiie, comepskalieM # COPTOB aTOMOB, MOXKET
OBITH BBIpaXXeHa CICAYIOIINM 00pa3oM:

N =S 5)
3n1ech @ — HeKoTopasi KOHCTaHTa, [, — COOTBETCTBYIOLINI
TOK OX€-3JIEKTPOHOB, a 5; — (haKTOp 37IeMEHTHOI YyBCTBH-
TEJIbHOCTH, KOTOPbIii TTOKA3bIBAET, BO CKOJIBKO pa3 BETUYU-
Ha OXe-CHUTHaJIa OT 00pasiia, COCTOSILETO NCKITIOUUTEIBHO
13 aTOMOB i-TO COPTa, OTJIMYACTCS OT TOM K& BETUIMHBI TSI
HEKOTOPOTo CTaHIapTa (B Ka4eCTBe CTaHIapTa OOBIYHO BbI-
OupaeTcst yucrtoe cepedpo). Ilpu 3TOM COOTBETCTBEHHO
MoApa3yMeBaeTcsl, YTO BCe UBMEPEHUsI CleaHbl PU ONU-
HaKOBBIX ycIoBUsIX. BennunHa S, 1n6o 6epetcst U3 Tabull,
JM00 OIpeNeNsIeTcsl HENMOCPEACTBEHHO B OKCIIEPUMEHTE.
Torna st MojiHOM KOHIEHTpaluu N BCceX aTOMOB, BXOJISI-
LIMX B COCTaB 00pa3iia, MOXHO 3aMucarh:

L al,
N=§ —. 6
|Zl 5 (6)
M3 (5) u (6) nmerko ompeaensieTcsi OTHOCUTEIbHast

aToMHast KoHUeHTpauus C, (BbIpaXeHHasI B IOJISIX €ANHN-
11bl) /TSI aTOMOB JIIOOOTO copTa:

N Lo/l
Cx_—“—'__s—x/;é' ™

Jns wutiocTpallMi MeToia NpUBEIEM OAWH IpUMep.
Ha puc. 4 mokasaH CIeKTp 0xXe-3JeKTpoHOB (B nuddepeH-
LIMPOBAaHHOM BUJIE), TTOJIyYEHHBIN OT MOBEPXHOCTU 00pa3-
11a U3 HepKaBerolllei cTaiu, B coctaB KoTopoit Bxost Fe,
Ni u Cr. U3 pucyHKa BUIHO, YTO Y XpoMa UMEIOTCS JIBa, a y
Xeye3a Tpy oxXe-TiuKa. st pacueTa ObUTA MCTIOJb30BaHbI
HanboJiee MHTEHCUBHBIC JTMHUW Xelle3a U XpoMa W OgHa-
€NMHCTBeHHAs JIMHUS HUKEJIS (3TU IMHUY Ha PUCYHKE OTMe-
YeHBbI 3Be3I04YKaMu). B pesyibTare pacueTa MoIydeHbl ciie-
TIYIOIIMe KOHIIEHTPAllMd KOMITOHEHTOB B OTHOCHUTEIbHBIX
emunmiax: Fe 0,68(0,702), Ni 0,09(0,093), Cr 0,22(0,205).

K
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Puc. 4. CnekTp 0Xe-31eKTPOHOB OT MOBEPXHOCTUN He-
pXxasetoLen crtanm
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B cko06kax yKazaHbl MICTUHHBIE KOHIIEHTPALIMM KOMITOHEH -
TOB HepxKaBelolleil ctTanu. [1puBeaeHHbIN TpUMepP HaTJsII-
HO CBUIETEJBCTBYET O TOM, UTO C IToMolbio MmeToga ODC
JIOCTATOYHO OBICTPO U C XOPOILIE TOYHOCTHIO MOXET OBITh
MPOBEJIEH 3JIEMEHTHbII aHAJIN3 TTPUTTOBEPXHOCTHBIX CJIOEB
TBEPIBIX TEJ.

Heckonbko cioB cienyeT ckazaTb 00 aOCOJIOTHOM
yyBcTBUTENbHOCTU MeToaa ODC. Eciu roBopuTh O MUHU-
MaJIbHO PErMCTpUpyeMoil 0ObEMHOM KOHIIEHTPALUU aTo-
MoB (107 cM™*), To ODC 110 3TOMY apaMeTpy CUIBHO yC-
TynaeT IpyruM MeToauKaMm. [JlaBHOe MpeuMyIlecTBO OXe-
3JIEKTPOHHOM CMEKTPOCKOIMHU 3aKII04aeTCs B APyroM — B
BO3MOXXHOCTH OOHApYKEHUS MaJIbIX IPUMECEit Ha TTOBEpX-
HocTH (TO4Hee, B ciioe TommmHoi [1,5—1,0 HM). B macco-
BOM HM3MEPEHMHM YYBCTBUTEJIBHOCTh METOJA COCTaBIISIET
<107 1. Ecnu pacnpeeuTb CTOIb MaJIoe KOJIMYECTBO Be-
1LIECTBA Ha TTOBEPXHOCTU B OJUH CJIOM aTOMOB, TO OHO OYy-
JIeT COOTBETCTBOBATh Beero uuib 107> MoHOCIO.

PACTPOBAA OXKE-DJIEKTPOHHAS
CIHEKTPOCKOIINA

O3ke-2JIeKTpOHHAsI CIIEKTPOCKOIMS 1aeT HaM WHGopMa-
LIMI0 00 3JIEMEHTHOM COCTaBe Y4acTKa MOBEPXHOCTHU TeJa,
pa3Mepbl KOTOPOTO B TIEPBOM MTPUOIVKEHUU OTTPENEISTIOT-
csl pa3MepaMM CaMOTro 3JIEKTPOHHOTO 30HIa (ITydyka Iep-
BUYHBIX 2JIEKTPOHOB). [1epeMeriiasi 3IeKTPOHHBIN 30H TTO
TMOBEPXHOCTH, MOKHO IMOJTYYUTh IaHHbBIE O pacTipeie]IeHUN
9JIEMEHTOB Ha Hell B pa3HBIX TOukKax. B oxe-cniekTpomer-
pax MepBOTO TMOKOJIEHUS AUAMETP 3JEKTPOHHOTO IyuyKa
COCTaBJISLT JecsAThIE (B JIy4llleM Clydyae cOTble) JOJIU MUJI-
nuMetpa. [1loaToMy 1 IpocTpaHCTBEHHOE pa3pelleHKe Obl-
JIO TOTO Xe MOpsIKa.

B HacTosi1iee BpeMsl BBIMYCKAIOTCS TaK Ha3bIBaeMble
CKaHUPYIOLIUE OXe-CMeKTPOMETPhl, B KOTOPBIX ABa IMpH-
6opa oO0benuHEeHbI BMecTe. OCHOBOM TaKOro KOMILIEKCa
SIBJISIETCSI CKAHUPYIOIIUIA (pacTPOBBII) I€KTPOHHBIN MUK-
pockon (PBM), B KOTOPOM 3JIEKTPOHHbIM My4OK OYEHb
MaJjoro quaMeTrpa (HECKOJIbKO HAaHOMETPOB) MepeBUraeT-
csl B IBYX NEPIEHANKY/ISIPHBIX HATTPaBJICHUSIX, 3aCBEUBast
orpe/ieJIEeHHbIN Y4acCTOK IMTOBEPXHOCTH (TOYHO TaK Xe, Kak
B OOBIYHOI TeJIeBU3MOHHOM TpyOKe). BenmnunHa Bo3HMKa-
OILIeTO TIPY 3TOM TOKA BTOPUYHBIX 3JIEKTPOHOB 3aBUCUT OT
pa3IMYHBIX CBOWCTB TOBEPXHOCTH. TakuM oOpa3om, B
KaXIblii MOMEHT BPEMEHU BTOPUYHBIE BJIEKTPOHBI HECYT
“HOOPMAIIMIO C yYacTKa, OTNpeIeIIEMOT0 pa3MepaMu dJIeK-
TPOHHOTO MyuyKa. Busyanuzauusi KapTUHBI OCYILIECTBIISIETCS
C IIOMOIIIBIO BJIEKTPOHHO-JIy4eBOM TPYOKU (IIOA00HOI Tenne-
BU3MOHHOI1), B KOTOPO CUHXPOHHO C 3JIEKTPOHHBIM 30H-
JIOM JIBVDXETCSI CBOM 2JIEKTPOHHBIN Iydyok. Eciau curnHain,
MPONOPUUOHAIBHBIA TOKY BTOPUYHBIX 3JIEKTPOHOB, IO-
JIaTh Ha MOIYJUPYIOIIMI 3JIEKTPOA 3JIEKTPOHHOM MYIIKU
TPYOKH, TO Ha 9KpaHe Mbl YBUIUM U300pakeHUE TTOBEPXHO-
CTH B TaK Ha3bIBAEMOM pEXMME BTOPUYHBIX 3JI€KTPOHOB.

Taxkoif mpubGOp MO3BOJISIET MOJIYYUTh KapTUHY, OTpaxalo-
IIIyI0 SMUCCHOHHBIE CBOICTBA 00BbeKTa (00siee mOIpoOHO O
CKaHUPYIOILEe MUKPOCKOIIMU MOXHO y3HaTh B [2]). [Tpu
9TOM CKa3aTb YTO-I100 00 2JEMEHTHOM COCTaBe OKa3blBa-
€TCS1 HEIPOCTOM 3amaueii.

Ecnu Hapsay ¢ KOJUIEKTOpOM, CIIyXKallluM I coopa
BTOPMYHBIX 3JIEKTPOHOB, YCTAHOBUTH HEProaHaIM3aTop,
TO TIOJIyYUTCSI TPUOOP, HA KOTOPOM MOXHO TOJTy4aTh U30-
OpakeHHe MOBEPXHOCTH HE TOJbKO BO BTOPUYHBIX 3JI€K-
TPOHAX, HO M B OXKe-3JIEKTpOHax. [IJIs1 3TOro aHeproaHaau-
3aTOp HEOOXOAMMO HACTPOUTD Ha SHEPTHUIO MHTEPECYIOITNX
Hac 0Xe-3JIeKTPOHOB, a Ha 3KpaHe Mbl YBUIMM pacIipele-
JIEHWE COOTBETCTBYIOIIETO 2JIeMEHTa Ha nmosepxHocTu. Ec-
JIU MBI XOTUM TIOJYYUTh MHGOPMALIMIO O paclpeneieHun
Bcex MpuMeceil, Hallo MooYepeTHO HaCTpauBaThCs Ha Ipy-
TMe HEPIruu oxe-3JIeKTpoHoB. Ha puc. 5 npuseneHo yri-
POILIEHHOE CXeMaTU4YeCKoe U300pakeHue TaKoro KombaitHa.

Cyl1IeCTBEHHbIM OTJIMYKEM CKaHUPYIOIIETO OXe-CreK-
TpoMmeTpa OT 00biYHOro POMa sIBIIsIeTCSl KOHCTPYKIIUS Ba-
KYYMHOI CHUCTEMBI, TO3BOJISIONIAsl HOCTUTATh JaBICHUI
p < 107% Ia (B 06brHBIX POMax p 0107°—107* [1a). Taxoit
CBEPXBBICOKMIT BaKyyM HEOOXOIMM IO TO MPUYMHE, YTO
nIyOMHA BBIXO/A OXe-3JIeKTpOoHOB cocTanJsieT (0,5—1) Hm
¥ JTI00bIe 3arpsi3HEHMSI, B TOM YMCJIe U aacopOMpOBaHHBIE
U3 OCTaTOYHOM aTMochephbl aHATUTUYECKON KaMephbl yac-
THIIBI, TIPUBOASAT K CUJIbHOMY UCKaXKEHUIO Pe3yJIbTaToOB.

>
>

T\

Puc. 5. Cxematnyeckoe nsobpaxeHne pacTpoBOro
oxe-cnekTpomeTpa: 1 — obpaseu, 2 — KONNekTop onsg
cbopa BTOPUYHbBIX 3N1EKTPOHOB, 3 — aHeproaHanmsa-
TOP 3/IEKTPOHOB, 4 — 0EeTEeKTOP 3HeproaHanMaaTopa,
5 — anekTpoHHO-Ny4yeBas Tpybka, 6 — KaTod SNEKTPOH-
HOW NYLLKN, 7 — MOLYNATOP 3NEKTPOHHOM MyLIKu, 8 — 0T-
KNOHSIIOWME MIacTHbI 3NEKTPOHHO-Ty4eBON TPYOKM,
cnyxatume ona nosiydeHus pactpa, 9 — akpaH anek-
TPOHHO-Jy4eBOI TPYOKMN

INPUMEHEHUE O9C

TpanuuuoHHble obaactu npuMeHeHuss ODC — uzyyeHue
MpPOLIECCOB aICcOpPOLMU U JECOPOLIMM Ha ITOBEPXHOCTSIX
TBEPOBIX TeJ, KOPPO3WHU, SIBICHUM, TTPOUCXOASIINX TPU
MMOBEPXHOCTHOM Te€TEPOTeHHOM KaTallu3e, KOHTPOJIb 3a
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YKCTOTON TMOBEPXHOCTU B PA3IMYHBIX TEXHOJOTMYESCKUX
npolieccax.

C mnosiBIeHHEM CKaHUPYIOIIUX OXe-CIEeKTPOMETPOB
OBC mUPOKO MCIOIB3YETCS U B MUKPOIJIEKTPOHUKE, B
TOM 4YHCJIe JUIS BBISIBICHUS TIPUYMH OTKa3a PasIMYHbBIX
3JIEMEHTOB MUKPOCXEM.

DTOT CMMCOK TPUMEHEHUIT MOXKHO TTPOIOJIKATh CKOJTh-
KO YTOAHO, TTOCKOJIbKY OYKBaJIbHO C KaXKIbIM THEM y 3TOM
VHUKAJIbHON METOIVKU OTKPHIBAIOTCSI HOBBIE BO3MOXKHOCTH.

3AK/IIOYEHUE

B cratbe chmenaHa mombITKa B JOCTYITHOW W HATJISIAHOM
(opme pacckazaTbh 00 OJHOI U3 OCHOBHBIX METOAUK UCCTIE-
IIOBaHUSI TOBEPXHOCTEN TBEPABIX TEJI — 0Xe-3JIeKTPOHHOM
criekTpockonuu. KpaTko omnmcanbl (hu3ndeckue SBIeHUSI,
JieXallye B OCHOBE MeTo/Ia, ITOKa3aHo, KaKUM 00pa3oM M3-
BJIeKaeTcs1 MHMOpPMAIsg O COCTaBe TMOBEPXHOCTU M KakK
MPOBOAUTDL KOJMYECTBEHHBII aHamu3. Takxke yka3zaHbl OC-
HOBHBIe 00s1acTu mpuMeHeHMs1 ODC, KOTopble HEMPEPHIBHO
pacIIMPSIIOTCS TIO MEPE COBEPILIEHCTBOBAHUS CAMOTO METO-
na. [IpyMepoM 3TOro MOXKET CJIYKUTh TMOSIBJIEHUE CKaHU-
pylollel 0Xe-CIEeKTPOCKOMUU, TMO3BOJISIIONIENH MOydaTh
KapThl pacrpeesieHus1 pa3IMuHbIX 2JIEMEHTOB C pa3peliie-
HUEM B HECKOJIbKO JIECITKOB HaHOMETPOB, B pe3yJibTaTe
YEro CTajlo BO3MOXHO Mcnoib3oBaTh ODC B MUKPOIJIEK-
TpoHuKe. CoBpeMeHHbIE MPUOOPHI TOTOTHUTEILHO CHA0-
JKE€HBl ICTOYHUKAMU YCKOPEHHBIX NOHOB, KOTOPbIE MOTYT
TTOCJIOHO CTpaBiuBaTh oOpasikl. biarogapst atomy mo-

SIBUJIACh BO3MOXHOCTh IPOBOIWTH TPEXMEPHBI aHaIu3
cocTaBa 00beKTOB. ClenyeT OTMETUTh, UYTO B HACTOsIEe
BpeMsl yaaetcs nosydatb HeauddepeHInpoBaHHbBIE 0Xe-
CIIEKTPHI, YTO CYIIECTBEHHO YMpOIaeT U3ydyeHWe TOHKON
CTPYKTYPBI CaMUX OXe-JTMHUI, KOTopasl CBs3aHa C HaJlH-
yreM XUMn4ecKnx cBsa3eil. Takum odpaszom, ODC B mepc-
MEeKTUBE MOXET TPEBPATUTLCS M3 METOoIa aHajiM3a dJjie-
MEHTHOTO COCTaBa B KOJMYECTBEHHBI METON aHaam3a
XMMMYECKOTO COCTaBa MIOBEPXHOCTH, YTO CHACJIAET €ro eIle
00J1ee YyHUBEPCAIbHBIM HHCTPYMEHTOM.
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